In plastic house cropping of spinach having its growing season from May to October, damping-off and foot rot diseases caused by Rhizoctonia solani Kuhn were most serious from June to Septmeber.
Introduction
Successive commercial production of spinach (Spinacia oleracea L.) from May to October has commonly been practiced in mountainous and cool summer districts in and around Takayama City in Gifu Prefecture.
In these areas, spinach is cultivated in a simple plastic house equipped with a watering system in order to escape from heavy and long-lasting rain.
During last few years, some serious root diseases of spinach showing symptoms of damping-off, foot rot and wilting have been found in summer and early fall production, and the outbreak of these diseases is one of the most important factors which would limit the establishment of commercial spinach production.
The occurrence of diseases causing loss of spinach yield and the causal fungi associated with the diseased spinach were reported in the previous paper4). The pathogenic fungi isolated frequently from the diseased plants were Rhizoctonia solani and Fusarium oxysporum, followed by Pythium spp., Damping-off of spinach seedlings caused by R. solani was most serious in house cropping4).
The isolates of R. solani in Japan were divided into 5 anastomosis groups6): they were corresponded to the respective groups which were divided on the baisis of their cultural apperance6,10). 
Results
The occurrence and anastomosis grouping of R. solani isolated from diseased spinach varied in growth stage during its growing season
The occurrence of R. solani and its anastomosis groups were shown as the percentage of the total fungal isolates in each month during growing season (Fig. 1) .
The isolates of R. solani, total number 3195, obtained from May to October were divided into 5 anastomosis groups (Fig. 2) .
The isolates which were most frequent throughout the growing season were of AG-4 and followed by AG-2, type-2. They were 88.3%
and 11.4% of the total isolates, respectively. Isolates of another anastomosis groups (AG-1, AG-2, type-1 and AG-5) were less and obtained only 0.03-0.5% of the total. No isolates were found that belonged to AG-3. The The occurrence and grouping of R. solani from the fields differing in their soil types and cropping histories
The occurrence and anastomosis groups of R. solani from the respective types of the fields were shown in Table 1 as the percentage of the total fungal isolates obtained during spinach growing season.
Although the AG-4 type was the most dominant group, the frequency of isolation of the fungus differed in the respective fields types.
R. solani was obtained from 84.8% of 185 plastic houses and 66.7% of 15 open-field plots.
Significantly more isolates and anastomosis groups were obtained in plastic house cropping compared with in open-field cropping.
In openfields, in addition to the AG-4 type, only one groups (AG-1) was dominant and 28.3 % of the isolates fell into this group.
Otherwise, R. solani was less frequent in light clay soil than in clay loam or in loam soil.
The occurrence of AG-2, type-2 was relatively high (33.5%) in clay loam soil. Significantly more isolates of the fungus were obtained in plastic house cropping in drained rice paddy fields than in upland fields. It was noticeable that the frequency of isolation was increased up to 42.3% of the isolates in drained rice paddy fields.
On the other hand, the occurrence of R. solani slightly decreased contrary to increasing years of successive cropping.
The fungus was the least frequent in 6-year successive cropping fields, and more isolates of AG-2, type-2 were obtained in 2-year ones. Most of the sampling fields of 6-year successive cropping were light clay soil and ones of 2-years were drained rice paddy fields, respectively. Pathogenicity of the isolates from each of the anastomosis groups on spinach seedlings
The result of the pathogenicity test on spinach seedlings was shown as the average percentage of diseased plants caused by each isolate within the same group against healthy ones (Fig. 4) .
All isolates induced damping-off as compared with control seedlings.
Significant differences in pathogenicity on the seedlings were found among anastomosis groups, and isolates most pathogenic, causing severe damping-off with 100% of the seedlings within 16 days after seedling were of AG-4, followed by AG-2, type-2 (43.6%), AG-1 (26.2%) and AG-5 (15.6%). The differences in pathogenicity among the isolates within AG-4 was less than those of the isolates in other groups.
The high frequency of isolation of AG-4 from the seedling stage may be due to high pathogenicity of this group on the seedling.
Discussion
As the pathogenic fungi causing the root diseases of spinach, Aphanomyces cochlioides2), Phytophthora sp.1), Pythium spp.1,2,4,7), Rhizoctonia solani1,4,7) and Fusarium oxysporum f. sp. spinaciae3) have been reported in Japan and the outbreak of damping-off of the seedlings caused by R. solani and Pythium spp. is most common8).
In plastic house cropping in summer and early fall production, damping-off and foot rot of the plant caused by R. solani were most serious and Fusarium wilting was next4).
In this study, it was shown that R. solani was isolated more frequently at the earlier growth stage of the plant from June to September.
The occurrence of the fungus decreased with the development of the plant, and differed among the fields which varied in their cropping histories and soil types. Significantly more isolates were obtained from the plant grown in the plastic house than in the open field.
Moreover, the fungus was more dominant in the house built in drained rice paddy fields than that built in upland fields, and less frequent in light clay soil than in clay loam or in loam soil.
Otherwise, the frequency of isolation of R. solani did not differ considerably among the fields which varied in number of successive cropping years.
Spinach isolates of R. solani were assingned to 5 anastomosis groups. Isolates of AG-4 were obtained most frequently from the diseased plant, especially, at the earlier growth stage, irrespective of the growth season, cropping history of the plant and soil type of the field.
AG-2, type-2 which is known as Rush type and Root rot type10) was obtained frequently in drained rice paddy fields, and its occurrence gradually increased with the development of the plant.
More anastomosis groups were found in plastic house cropping than in open field cropping.
In addition to AG-4 and AG-2, type-2, a few isolates of AG-1, AG-2, type-1 and AG-5 were also found in house cropping.
Conversely, AG-1 and AG-4 were the only ones found in open field cropping.
Similar results were reported by Fukunishi1) in open field cropping in drained rice paddy fields in Tokushima Prefecture.
Watanabe and Matsuda10) assigned 3 spinach isolates of R. solani to 111A (Praticola type) and 1V (Potato type and Root rot type) based on their cultural appearance.
Thereafter, it has been shown that the 111A type corresponded to AG-4 and the 1V to AG-2, type-2 or AG-36).
In this study, no isolates was found that belonged to AG-3.
On the other hand Ogoshi6) assigned spinach isolates to AG-4 by anastomosis tests.
In addition to these results, our survey revealed that isolates of AG-4 and AG-2, type-2 were dominant in various spinach cultivated areas in openfield cropping in Gifu and Aichi Prefectures from late fall to winter (unpublished data). The isolates of AG-4 were most pathogenic to the spinach seedlings and the next, AG-2, type-2.
Although the pathogenicity of each isolate on mature spinach has not been tested, more isolates of AG-4 and AG-2, type-2 were obtained in the seedling stage and in the mature stage of the plant, respectively.
It is interesting phenomenon that crown rot of sugar beet, which is the same genus as spinach was infected by isolates of AG-2, type-25).
From these results, it is apparent that isolates most closely associated with spinach were of AG-4, followd by AG-2, type-2 and AG-1.
We are indebted to Dr. G.T. Cole, Department of Botany, University of Texas, for critical reading of this manuscript.
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